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ABSTRACT

Thi s

anal ysi s

This vehicle

loading

another

itself.

The

point

piece

report contains the planning, design, arid

of a vehicle to be used on the lunar surface.

is designed to carry soil arid rocks from a

to a dumping point. It will be loaded by

of equipment but will dump the soil by

so i 1

approximately

transport

ten cubic

trailer is designed to carry

yards of soil. It was assumed

at

riot be sel f-propel ied;

tractor" type vehicle.

suppl, y both hydraulic

the start of the design process that the trailer will

rather, it will be towed by a

This towing vehicle will also

and electronic power to the soil

trai I er.

a man alongside the vehicle.

The

spec i _ ic

Inyclraul ics,

These

The trailer will also be remotely operated by

design of the trailer Tell into several

areas. These areas of design included

wheels, suspension, frame, and soil bucket.

separate components were then integrated into the

final design.



PROBLEMSTATEMENT

Re(_-ently, the National Aeronautics and Space

Administration gave Mechanical Engineering seniors at

Georgia Institute of Technology the opportunity to

design different pieces of equipment whose uses included

buiiding and operating a manned lunar station. Our

group chose to design a soil transport trailer which

would be used to transfer sol l and rock from a

construction sight to a waste area.

Ee _2ps.m,_nS.__O__b]_9_ct_iE_m_

The performance objectives to which the lunar dump

trailer must be designed are as follows:

Maximum Speed

Operational Speed

Maximum Vertical Slope

Maximum Side Slope

Hydrauii_i Pre_sure

Maximum Soil Weight

Maximum Trailer Height

Mai.'imum Tow Bar Force

Ma_.'imum Tongue Weight

Trailer Capacity

Constraints

Obviously, the biggest

3_.;_k m /h r

15 km/hr

3(]1% grade

15% grade

3_,_-i_._i_];ps i @ 2_._ig a i / m in

2_- _i!_ moon newtonsJ,

3.5 m

75,_._J moon newtons

75(.;L(_moon newtons

1_._ cubic yards

constraint on the soil



trailer will be the lunar environment. This environment

will c_-hallenge the designer greatly; especially in the

areas of stability of the vehicle. In addition, the

vehicle must be automated as much as possible due to the

limited mobility of the personnel around the vehic]e.

Safety will also constrain the trailer in some

respects. For- example, if the vehicle needed to be

serviced or repaired, the man doing the work should not

have to worry about sharp points or catches on whic:h he

could rip his protective suit. Such an accident could

be catastrophic. Thus, when designing the vehicle, our

group wanted the vehicle to be safe and easy to work

with in a restricted environment, even though in normal

operation no physical contact with the vehicle by a

human would be necessary.



LUNAR DUMPTRAILER

In the following section, each of the major

c-omponents and their corresponding minor components will

be described at length. Assembly and interaction of the

respective parts will also be examined.

Bed

After debating several design ideas for the bed, a

basic rectangular

was chosen. The

4, & 5) would

(increasing overall

release from the

bed with three slightly sloped sides

slightly sloped sides (see figures 3,

both lower the center- of gravity

stability) and help to control dust

top. The sloped sides (7.6 degrees)

The bed

which gives

toughness. In

both strength

temperature.

would not at all hinder ease of loading or substantially

cut into the overall volume.

is to be made out of an alloy of aluminum

a superb combination oT strength and

addition, without any loss of ductility,

and toughness increase with decreasing

The alloy chosen was Ai2_i24-T86. This

alloy is as strong as steel and masses only one third as

much. It also displays less shrinkage in the wide

temperature range found on the moon.

For added support and to reduce deflection of the

walls, T-beams (see figure 4) are to be welded along the

diagonals of all the _aces, increasing the moment of

inertia for the walls by a factor of four. Also, the
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bed is rounded at the base, this gives added support and

permits greater ease in unloading.

The last major components are the brackets which

hold and allow the rear- door of the bed to swivel and

release the soil (see figure 6). They are bolted for

ease of removal in case of fai Iure or- wear. The

brackets are bolted in only one place, the other anchor

is provided by a stub sticking up from the bed. This

allows easier acress to the one bolt, with no loss in

beneficial properties. These brackets can be easily cut

and bored to their proper dimensions, and will be made

from the same material as the bed.

The dimensions of the rear door are the same as

those of the outside of the beds edges. A round rod is

welded to the top of the door, a rod which will swivel

easily in the brackets on either side without any need

for lubrication or close tolerances.

AI i of these components are simple and pr-oven

reliable. They are well designed for safety,

r'eliability, and weight, requirements, although at the

expense of economy.

E ram_

The frame is designed using an I-beam construction.

From

angle

beam

r t.._n

the main frame, the beams expand at a 3_._.25 degree

to the hitch. The main members, consisting of the

under the bucket and the 3_,_;.25 degree extensions,

under the outside edge of the bucket (see figure 7).



Just past the point" where the hydraulic support cross

members attach, the l-beams become inverted T-beams so

as to allow attachment of the bucket to the frame. The

trailing edge is rounded to allow the bucket to rotate.

All connections of cross members are composed of plates

and bolts on both the top and bottom flanges oE the

I-beams. All components--beams, plates, and bolts--are

made of AI2__;_24-T86, an aluminum alloy.

The need for a hitch bracket to connect the hitch

and the frame is obvious. The hitch is made of the same

alloy as the frame and bucket Tor strength, low mass,

and conformity with the rest of the vehicle. The

bracket is connected with the same type bolts as used on

the frame. The design of the bracket resulted from the

need to join the two pieces of the frame which meet at a

6_-_ degree from the horizontal. Thus, the bracket needed

61._ degree flanges on the bottom portion to accommodate

the two beams _rom the frame. With the hitch being

par-allel to the vertical, the bracket takes the given

shape (see figure 7).

A pure trailing arm suspension was used, consisting

of two independent sides, each a mirror image of the

other. Each side is made of a trailing arm, an axle, a

coil spring, a shock absorber, and various connecting

pins and bolts (see figure 8) . The trailing arm

connects the axle to a point on the frame forward of the



wheel. The

in parallel

the trailing

spring and the shock absorber- are connected

(coil spring over sho(zk) Trom a point near

arm"s mounting point to a point inboard of

the wheel

Since

supported

(see figure 9).

all oT the lunar dump trai Ier"_ s mass is

by the spring, the trailing arm evperiences

only sl i ght

shear -Force

frame.

Most

torsion. This torsion then transmits a

to the pin that connects the arm to the

of the mass saved in this suspension is due to

its

and

because they do not rotate.

The wheel is a

AI _:L ..'4-T86 al Ioy. The

short avles. The ai-'les were analyzed Tor both shear

bending. Thev did not have to be analyzed for wear

one piece forg:[ ng made Trom

outside diameter is 1.4 meters,

cylinder used is a double acting

with cushioning on the push and pull stroke. A

acting cylinder' has Tluid pressure applied to the

wheel.

!_!..'z...d.....r._#._LL].=.t..E__C_'9_mp on en t s -"

.C_..¥_.]...i...n__d._e..r.....T h e

cyl i nder

doub ] e

and the hub diameter is _Z;.64 meters. Fhe wheel has 2L_

spokes spaced 18 degrees apart, and the spokes are 6.(Z_

(:m in diameter. The wheel is attached to a threaded

axle. "The nut is held in place with a cotter pin. This

arrar_gement allows for quick removal of the wheel from

the suspension, and easy installation of a replacement



movable

cylinder's piston

end of the stroke.

flow control and

cylinder piston

plug blocks the

to pass through

f Iow goes

setting.

p i ston is

element in either direction. Cushions slow a

movement just before it reaches the

A cushion consists of a needle valve

a plug attached to the piston. As a

approaches the end oT its travel, the

normal exit for a liquid and forces it

the needle valve. At this point, some

over the relief valve at the relief valve

The remaining liquid ahead of the cylinder

bled off through the needle valve and slows

the piston. The opening of the needle valve determines

the rate of deceleration.

Flow Control Valve. The function of a flow

control valve is to reduce a pump"s flow rate in its leg

of a circuit. These valves provide precise control of

Tlow and shut off in one direc-tion, and automatically

permit full flow in the opposite direction. A two step

needle allows fine adjustment at low Tlow by using the

Tirst three turns (]f the adjusting knob; the next three

turns open the valve to full flow, and also provide

standard throttling adjustments.

A directional control valve consists of a body with

int _ "erna_ passages which are connected and discx]nnected

by a movable part. The directional control valve used

in the lunar dump truck system is a 4 way - 3 position -

centered solenoid operated directional control valve



with a

through

Thi s

i nt o

push

float center. When an electric current passes

a coil of wire, a magnetic field is generated.

magnet i c

the col I.

pin and

field attracts the plunger and pulls it

As the plunger moves in, it contacts a

moves the direct:ional valve spool to an

extreme position.

EL.i._]..Q...t].............O_p__.c_a.te_d_C_h_.c_.::__ValyL_. A pi Iat operated

check valve allows free flow in one direction.

opposi te

unseats

checl.:: valves wi 1 1

The 1 oad wi i i be

remain effective.

.[..n,....c.k_,_q..._...,.............Di..s.c..onD_ec.tqLs.." The qui c k d i sconnects

allow the trailer- to have a means of disconnecting the

hydraulic lines from the towing vehicle. These devices

will be located near the end of the towing bar and can

In the

direction flaw may pass when pilot pressure

the valve'_s movable member. The pilot operated

black the flnw out of the cylinder.

locked as long as the cylinder seals

rear corners (see figure 17). The door is

to open when a solenoid is energized and rotates

•L h e

b e E_r1

m o \,' e

lowered,

latc:hes to the open position. After the door has

openecJ, the solenoid is released and tlne latches

back to their origir_al positions. Once the bed is

the door- will swing back into place and the

used on the lunar dump trai)er to

They are attached to the bed at

be operatecl manually.

m.c..UO_r.__L_:._tc.;_h.

!wo I arches are

keep the bed door shut.

the Iower

ali owed



•. 4 ....la,..c.hes will ]ock the door shut.

The lunar dump truck is controlled by a remote

control devic:e that uses a radio signal of 27.145 Mhz as

a carrier. An ampl:i,tude modulated s:[gnal is transmitted

by the person in charge to the lunar dump trailer and

received hy a receiver via an antenna. The remote

control unit will control two .Functions o÷ the lunar

dump trailer. The raising and lowering of the bed and

the opening and closing of the bed door.

The bed movement is c:ontrolled by a hydraulic valve

wlTich operates the hydraulic ram. The remote control

w:i. 1 1 c-ontrol this device by the use of a si I icon

controlled recti.Fier (SCR) or thyr'i stor. When the

proper signal is received, a small charge is sent to the

thyristor by the remote control unit, which then

charges a relay. The relay then connects lines beta and

gamma (see figure liB) which allow power to flow to the

hydraulic control valve, causing the bed to rise. The

connection o.f lines alpha and gamma (see Tigure 18) on

the relay allow power to Tlow through a resistor. This

r e'.si st (:_r imi tates

valve. This i s

amod_ __.. ofproper - ' _ "

the needs oH: the hydraulic control

done in order to have at all times the

amperage division by tl7e parallel

circuit. Once the signal is discontinued, the thyristor

will discharge the relay and cause the valve to r-everse,

resulting in the lowering of the bed. The latches are



control Ied by

controls the

hydraulic valve.

The remote

sol enrJidso The remote control unit

so]. enoi ds in the same manner as the

control unit is contained within a box

attached to the frame. It is located under the bed in a

corner to allow the maximum amount of protection. The

antenna is connected to the towing bar. The power

supplied by the trailing vehicle is attached to the

lunar dump trailer by quick disconnects.



In this

are described.

design process._

factors, modes

etc. ) ._ and how

DESIGN AND DEVELOPMENT

sec.-.tion., the reasons for design decisions

It contains all assumptions made in the

and it will state such things as safety

of failure (by shear., bending, torsion,

each of these affected the design the

component designs.
!

_e.d

BED DESI]GN

In designing

was presumed to

geometric center

of the sol 1 and

trough

wali ._

walls., was

th ic kness

momen t.

added to

the actual shell of the bed, the soil

act approximately as a fluid at the

of the walls. By finding the density

integrating along the depth of the

the maximum moment possible at the bottom of the

excluding the helpful support from the other

calculated and used to compute the minimum

needed al ong the bottom to support this

A safety factor of two and large fillets were

increase the factor of safety to a value of at

least five. The saTety Tactor is even higher on the

smaller front and rear wal. ls.

Since unpredictable stress concentrations would be

extremely detrimental to a highly reliable dump trail, er

bed._ methods of Torming the bed surh as stamping:



rol 1 i ng,

concentrations

concentrations

make casting one of

completely eliminate

might not even fit

temperatures.

expensive and

etc., are quite unacceptable. Stress

through processing plus additional stress

due to high variations of temperature

the best

the need

due to

solutions. It would

for bolts, bolts which

shrinkage at low moon

Casting the entire bed would be extremely

difficult due to the thin walls. Die

casting is the best way, but a hot cast and extensive

well systems are necessary to avoid early freezing o_:

the molten aluminum. This cast Torms the basic shell of

the bed.

The

and to

interfere

T-beams were added to decrease wall deflection

increase the saTety Tac:tor by two. They

with nothing and increase the total weight of

the trailer- by negligible amount.

The bottom carries a safety Tactor of three

(assuming no supporting members), and it can withstand

czr"acks caused by large rocks _:alling from a distance o¢

meters.

There are two sets of hinges for the bed component:

(I) the hinge _:or the swivel at the top, and (2) the

heavy duty swivel upon which the ent:ire bed swivels in

unloading. All rods and inner holes in the brackets Tor

the tubes are coated with teTlon to reduce fr'ic'tion and

increase durability, and are mounted with bolts for ease

o_: removal. 'The design oT the brackets and



corresponding rods

that tlne shear

failure. The

Tai lure due to the two

pressure force out, and

hanging on the swivel.

was based on the analytical result

force would be the dominant source of

swivel at the top was made to account for

components of force" (i) the

(2) the weight of the door

A safety factor of at least

eight was added.

to withstand the

safety factor of

from a commercial catalog, and the match pin has an even

higher safety factor.

F__:m_e.

The frame of the lunar dump trailer is the unifying

item for the suspension, the bed, the hydraulic ram, and

the towing vehicle. The frame was designed to support

each component based on a worst case condition.

The material chosen, AI2_]24-T86, was picked because

of its high strength to mass ratio. The frame is

constructed with an I-beam composed of members 4.75 cm

by i_._-_ cm, formed by a continual cast. However, since

the bucket is designed to mate wit-h a flanq, e, the top

plate of the I-beam is cu$- off, with the use of a laser-,

near the end of the frame. rhe laser cutting will

alleviate any" stress concentrations which would result

•fr'om other types of cutting. Therefore, the tail end of

the frame members are effectively inverted T-beams.

Additionally, all calculations were made based on the

The swivel for the entire bed was made

entire load if it had to, times a

five. The swivel bracket was chosen



T-beam si nee

factor oT

acts on

conditions,

supports

•.l:ac:t or f or

eight.

The rear

forces exerted

this is the weakest portion. A safety

eight is obtained when the entire loaded bed

the single beam. ThereTore, under normal

the safety Tactor for the T-beam bed

is around sii.'teen. Obviously, the safety

tlne rest oT tlne frame is much greater than

cross member is designed to support the

by the hydrau].ic ram. An L-beam is

attached to the lower side of the beam to allow for- the

attachment of the ram.

The bolts and plates used to connect the beams were

again designed on a worst case basis. The shear"

developed by the ram force was found to be the limiting

factor for bolt design. The analysis was carried out on

only one plate attached to a member. Therefore, since a

plate is used on both the upper and lower- flanges of the

I-beams, the

of two. An

shear ), was

each bol t.

used. The

f a(zt or

Hewl ett

used to

of safety is increased by a factor

Packard HP-41 program, BS (bolt

calculate the -_orce and angle on

A pattern of four bolts on each beam was

bolt size was determined to be 1.25 in. in

diameter" and 5._.]'_in. in length. The plates are iI._ cm by

2.L_Icm and 4 cm thick.

The towing beam is attac.hed to tlne frame at the end

of the side support I-beams, angled at 4.5 degree angles.

A rou.nd, open hole hitch is used. All connections for



electrical and hydraulic connections are located along

this tow bar.

The type o+ suspension used on the lunar dump

trailer is called pure trailing arms. Pure trailing

at'ms have the advantages o+ low upsurge mass, low total

mass, zern camber change, right to left independence and

overall simplicity. A Hotchkiss suspension (lea+

spri ngs and shocks) was al so considered but was

eliminated because of high mass.

The springs were designed by first selecting a

spring constant that took into account expected forces

and desired suspension travel. Then, the spring was

sized using a program on the Hewlett Packard HP-41CX.

After the spring constant was specified, the

damping c.oe++ icient was sel ec.ted by using another

program on the HP. A commercial damper was selected

from the ACE catalog in the library.

The wheels were placed just behind the center of

gravity of the lunar dump t.railer to reduce the upward

and downward forces on the tongue. They were also

spaced well outboard o+ the bed to increase stability.

The

are to:

over

basic

be

small

resi stance,

requireme[r[s for the design o+ the wheel

able to support a 13,4._.;J_._;moon newton load

obstructions with minimal roiling

to contribute to a reasonable ground



clearance, and to be extremely reliable. The wheel had

to be extremely rel i able si nee the replacement and

repair of the wheels

environment. Another

primary requirement

the wheel transmit

would be difficult in the lunar

associated requirement, the

oT the suspension system, is that

the lowest possible forc:es and

The last

decisions about

w a s t o cl e s i g n

acc:elerations to the bed in order to minimize the amount

oT motion experience by the cargo.

requirement controlled early design

the wheel. The goal in the beginning

a wheel that was an integral part of the

suspension. There are spring and dampening properties

built :Lnto the wheel itself in addition to those in the

frame suspension. There were several problems with the

ear'lier designs that employed internal wheel suspension.

The Ti rst design

of spr i ng steel

material . This

befor-e they

wE th

a s a

temperature

pr'ob Iem was

(see figure i_;) was composed of hoops

enclosing a doughnut of a dampening

material would hel p absorb impacts

aTTected the trailer. The biggest problem

this design was Tinding materials that could serve

su:i.tabl e dampers and also survive the e,,'t r eme

ranges expected on the moon. Another

the severe abrasion of the riding surfaces

and dampening material.

construction involved, the

reliability, and therefore

poor reliability, this

With such a comp i e,,,

wheel wc:uld have very low

a short life. AI c0ng with

design also had to offset high



rolling resistance with poor fatigue resistance.

second design consideration was an attempt to

the wheel on a "live floating hub" concept.

The

construct

As seen in

r"igid, and

spr ings and

f igure 1 1,

the struts

dampers.

the cutter rim of the wheel is

are composed of a series of

The hub is allowed to move and

thus

the trai I er.

plagued

design.

c r ossed

absorb some of the impact forces before they a.ffe(:t

Several problems, similar to those that

the first design consideration, exist in this

The first concerned stability. Even with the

strut construction, there was a concern that the

rim would

rough

experienced

problem.

c omplIexi ty

replacement

environment.

t err ai n.

by the eccentric

Other problems

oT construction,

of damaged

not be stable around the hub., especially over

The higher rolling resistance

center was the second

concerned reliability,

and problems with

or defective struts in a lunar

passive

was to

radiation

dec i si on

for

was

With so many problems associated with a live wheel._

wheel designs were considered. One constraint

not use material that decomposed in the high

environment of the moon. This led to the

to use an all-metal wheel. Aluminum was chosen

its better strength to mass ratio. A spoked design

chosen over a solid wheel for the reduction in mass.

A rigid wheel also would show superior reliability and

longer life, chara(-teristi(-s that are highly desirable



in a hostile environment.

.Hy_dr_<au....l_i_c..s

The initial

oT several books

and Pneumatics), and

desi cn

about

process began with the reading

hydraulics, particularly the

(put out by Hydraulics and

two books suppl led by Parker

parameters for the

hydraul i¢: sales and

order to determine

hydraulic components.

required, it was determined that one cylinder"

per'form the job adequately and thus eliminate the

of components and phasing probl eros that are

when two cylinders are used. Once all of the

hydraulic system were known, a

consulting firm was contacted in

cost and availability of the

Using this information as wel:i as

the information gathered

•.system was designed.

q._._.r_..L.__._s_b_

The de.,si gn i ng o_

consi derati ons.

from the books, the hydraulic

the :iatch took many

The first, and certainly not the ].east,

piston

w o u I d

number

invol ved

FI ui dpower cal i ed _D...e..._..igD...............E...ng...i_n......e_e..E.s'."Han_d_.b.._o0_.!:.'...and

...I....n_du.L.S.....t...E..,i_al._..........H.2..d..EabLl_ic._..T.._}.c_hn_o_.iQ.g..E. Several pamph Iet_

about construction equipment were al so studied. The

:initial design considered was one consisting of two

hydraulic rams. Calculations were done to determine the

force required to lift the bed when applied at different

positions and bed angles. The bore and stroke required

were then calculated. After looking at the size oT



is the

requires

electronic in

due to wear

an el ect ron i ¢:

i atch simi 1ar

is then returned

sol enoi d so that

Tact that it is remotely controlled. This

either a wire pull mechanism or something

nature. The wire meclnanism was ruled out

and possible external damages. Therefore,

method was employed. A solenoid pushes a

to that of earth dump true:ks. The latch

to its original position by the

the door would lock in place when it

rotated back to its original position.

The

assumpt i on

This

i unar

built

used

abuse

failure analysis

that I, .nat dust

incorporated a built

sol i does not act as

i n f actor-, a

was cal cul ated on the

and rocks act as a fluid.

in safety factor since the

a fluid. On top oT this

safety face-or oT six or better was

through out the calculations. This leaves room for

of the trailer. Also, teflon was used to reduce

friction on frictional surfaces. This was the material

best suited to conditions of the lunar environment.

The

initial.

operated

Therefore,

waves .for

receiving

remote ¢::ontrol unit.

The remote

design of the remote control apparatus had the

considerations that it be wireless and easily

at a safe distance from the lunar dump trailer.

a remote control unit that employed radio

czontroi was designed. An antenna is used for

the radio waves and sending a signal to the

control device consists of a box



containing

disconnects

electronics

1_;_I amperes

the electronic circuitry with quick

on the outside Tot" easy replacement. The

contained in the bo>" must first reduce the

coming .;rom the towing vehicle to levels

with a

used at

constant

are placed in the

control s

amounts

circuit

needed by the lunar dump truck equipment. This is done

parallel circuit and required resistors to be

all times to insure that the device maintains a

current drain. ]'o switch between modes, relays

circuit. "[he r-emote control device

the relays via thyristers which switch large

oT power with little power- input. This is the

used in tlne design of the lunar dump trailer and

can be seen in Eigure 18.



COS]" ANALYSIS

Production unit cost for each dump trailer will

remain high for the initial run. For several average

sized moon bases, it will require about 3___ vehicles to

move sufficient earth around for construction. The cost

of casting 3_i!I beds would be extremely expensive, but

forging and welding it together would also be plausible,

although this too would be expensive. -[he forging or

casting equil:)ment needed for the bed would have "to be

made and operated at high cost. In addition, forging

equipment to construct the wheels and spokes would have

to be made. Only about 6_ whee].s, plus about l_J extra,

would be made with a rost of about $17,L_L;_L_Jper- wheel

(including bearings). Cost, especially transportation

costs, would eventually go down when a production site

begins on the moon itself.

Mal::ing quality parts for so few units with high

reliability is very expensive. Equipment necessary to

make the bed and wheels will have a high initial cost

and units cost, but other parts can be easily bought

from commercial manufarcturers at a comparatively low

price. Only testing and e_-(tensive research could lower

the high price tag.

The parts list for the trailer design is as

fol lows"

BED"



Main Frame

Materials

Casting &.

Total

Machining

$43.0_;]__]

Door

$ 8 f,_.W]
Materials

Cast i ng & Maclni ni ng $8_ _-W-_

Total
$ 88 _;]_

Mi scel i aneous

Bolts, Pins & Brackets $8_ ']_-_

Total fore Bed $ 5"2,600

FRAME:

I-Beams

Mater i al s

Casting & Machining

Total

Mi scel 1 aneous

Bolts & Plates

Total fop Frame

SUSPENS ION"

Trailing Arms

Materials

Bending &

Total

Ax I es

Materials

Machi ni ng

Machining

$25_J_

$5_}

$25500

$35.0_



Total

Springs

Materials
Forming

Total

Shock Absorbers

Purchase Price

Miscel I aneous

Bolts and Pins

Total for Suspension

WHEEL:

Spoked Wheel

Materials

Forging

Total

Miscel I aneous

Bearing

Hol d Nut

Total

Total Wheel Cost (x2)

$11 _]_;]

$ 3 _ _]

$ 2 _i!__ _

$23_

$15_;]

$1 _;]F]_

$9400

$15_]_ _]

$1 _0_ _]

$i 15_]iD

$ 5v]_

$ .I._ v]

HYDRAUL. ICS"

Cyl inder

Val yes

Flow Control

Solenoid Directional

Pilot Operated

"Total

$93_

$54

$239

$223

$516



Mounting Accessories

Mounting Plate
Sub Plate
Eye Bracket
Pivot Pin

Total

Total of liydmaulics

$1 _-'n

$38

$12

$4

$66

_151£

LATCH:

Forged Latch

Materials

Forging &

Total

Miscellaneous

Cover

Solenoid

Bolts & Nuts

Total

Machining

Total of Latch

REMOTE CONTROL:

Electronics

Remote Control

Resi stars

Relays

Thyristors

Board

Wire

Di sconnects

Total

Mi scel i aneous

Box

Antenna

$Ii_0

$1 _._J_,.]

$ 5_._

$°5

$175

$1275

$4.@

$1 _ _,.]

$ 5_,]_

$2_

$75

$ 3_._

$1 _

$685

$75

$15_._



Bol ts

Total

Total for" Remote

Total for Trailer $115,717



The possible

consequences

examined for

poor

crew.

along

this section.

Bed

HAZARD ANALYSIS

shortcomings oT the design and the

of any error in the designs wi I i be

each component. We will also look at how

design will eTfect the safety oT the operating

Concerns of the designers for certain components,

with any remedies, will also be looked at within

Tine

operators.

beTore any

exists, it

actual bed itsei÷ poses no real hazard to its

Buckling in the walls would be apparent long

failure occurred. IT any chance for Tailure

is in the rear door upper ].arch. The round

bar

on under-

straight

Tai lure,

enough traction

than 4_,] degrees).

The only real

upon which the door swivels must be careTully welded

vacuum conditions to prevent Tailure. Going

up very steep inclines might al so cause

but the tractor could probably not even get

to go up inclines this sharp (greater'

problem with the bed is that any

metal ,

Great

very

range

•f r o m

wal Is

at such low temperatures, is extremely brittle.

care was taken to select an aluminum alloy with

little change in ductility, even with a temperature

between

a height

and in

34_I I< and 31._;K. But, large rocks dropped

oT _,._. meters might cause cracks in the

the bottom which might, eventually lead to



faii ure.

1ar ge

bottom

anyway.

FZ,._af__ne.

Operators should avoid picking up and dropping

rocks into an empty bed. The safety factor in the

should easily be able to handle such a situation

Since the frame is the uni.fying member of the

entire design, any failure in the frame will result in

the disablement of the lunar dump trailer for any useful

purpose. However, if a bolt on a connecting plate were

to _ail, it cou].d be replaced thus restoring the lunar

dump trailer to service. This is possible since the

bolts were designed so that failure of one will not

result in the failure o__ the others. Routine

inspections should spot any troubles and cure them

before any catastrophic ;allure occurs.

Since the lunar dump trailer and tractor are remote

controlled, no suspension failure is ei.'pected to cause

injury or endanger human liTe in any way. Failure of

the suspension may however, result in down time for the

lunar dump trailer.

The area most likely to fail on the suspension is

the bearings. They are sealed against the moon_ s

envir-onment but they have not yet been tested in such an

envi ronment. 'They are al so the onl y part of the

suspension that is subject to wear-.

The damper- is also subject to .Failure because the



damping constant gradual ly dec:reases over time. The

characteristics of the suspension will slowly move _:rom

overdampened to underdampened. This is not expec:ted to

cause a problem beTore the suspension is changed.

Due to the temperature e.'.."t r emes on the moon,

structural

sharp j ol t.

was moving

see rough terra:i.n because oT a dust (-loud.

In each oT the above mentioned

pieces may fracture when given an unei.'pected,

This could happen i. _ the lunar dump trailor

at high speed and the operator was unable to

cases, the ver'y

worst thing that could

that i t would have to

relatively easily since

fr'ame at only two places.

w_b..e.._-'.2

These are several

recognized and designed for in this wheel.

Inappened to the suspension is

be replaced. This can be dor_e

each side is connected to tlqe

areas oT Tailure that have been

These are:

I •

2.

3.

4_

"l"Ine

things.

ex c ess

chance

mov i ng.

Failure by buckl:[ng o{ the spokes

Failur'e by buckling of the outside rim

Faiilure by ÷atigue o÷ the spoke hub

or spoke rim interface

Bearing failure.

first Tailure mode

Over ioading

can be caused by several

the dump trailer in significant

of i ts desi gn

of the spoke

l h i s i s d u e

load will greatly increase the

buckl ing while the trailer is

to the load per spoke increases



with increased ax i e

trai_l er° could result

trailer is stationary.

load. Greatly overloading the

in the spokes buckling while the

T h e

I oads.,

terrain.

wheels

as halt

i ncrease

spokes could also buckle under excessive impact

which would be caused by higher speeds over rough

At normal operational speed, the trailer

would be able to go over- an obstruction as large

a meter tall without Tailure. High speeds will

the Tortes the spoke would e,vperience to

dangerous levels, and increase chance of buckling.

The consequences oT buckling would be dependent on

the severity of tlne Tai]ure. IT the _ailure o÷ the

spoke was severe enough to also result in the buckling

fai].ure of the outer rim, the wheel could be considered

destroyed. If, on the other hand, the buckling of the

spoke on].y resulted in the deflection o.f the spoke and

the rim was le_:t intact, the wheel could still be used

:iT certain precaut:ions were taken. ]he first precaution

would

means,

then

be to straighten the deTlected section by some

such as hammering or pressing. The wheel could

be used again in a lighter duty situation, such as

smoother terrain

precautions are

wi i 1 be weaker

normal use wi ].i

the entire wheel.

iightly damaged

and a reduced cargo capacity. These

necessary because the deT ormed spoke

than the other" spokes, and continued

result in the eventual destruction of

This procedure is included so that

wheels can still be used on the lunar



base i n sonle

replacement parts

expensive on the moon.

The

outside

oT one

failure.

should

al ways

should

requ:L red

operation

manner. This :i.s important because

for repairs wi 1 1 be scarce arid

be

r est.ilt in

be noted

for a

second mode oT failure, the buckling oT the

rim, will most probably be followed by failure

or more spokes in the immediate area of the rim

Failure of the outside rim in the above manner

considered catastrophic failure, and will

the destruction of the wheel. It

that very Inigh impact .Forces will be

failure of this type, and that normal

will riot result in this type of failure unless

very unusual circumstances are present.

third mode of failure, fatigue failure, will

be the rarest type of failure associated with

The

probabl y

the wheel

parts, the

1 i_71 Mkm.

discounted,

itself.

fatigue

Fatigue

however,

DLie to design results Trom other

safety factor :is 231_i after a use of

failure should not be completely

and regular inspections of the

wheel s

against fatigue fai lure. These

scheduled once every .,::...JL,

years, whichever comes first.

be

the

should

Tor fatigue cracking of the spokes should protect

inspections should be

of use, or e"ery. ='-"

The fourth form of failure, bear-ing failure, will.

the most common anticipated failure associated with

wheels. The use of sealed bearings in the wheels

eliminate problems caused by lack of lubrication



and by dust and grit entering the bearing surfaces. The

admittance o_ sand and grit into the bearing wi i I

quickly result in bearing failure, and this is the

reason sealed bearings are used. Fatigue failure of the

bearings is the other method in which the bearings will

fail. It is recommended that the bearings be replaced

yearly to protect against their failure. IT the

circumstances warrant it, the bearing could be returned

to earth or to a space station for inspection and

rebuilding. Inspection would not be advisable on the

moon because of high dust and dirt content, which would

contaminate the bearing surfaces. Bearing failure will

result in the inability of the trailer to be rolled,

since only one wheel will turn. This could result in a

dangerous situation if the trailer stops in a heavily

traveled region, so bearing failure should be prevented

by maintenanc.e as much as possible.

._H.s_.._.:_.t2is._.

The hydraul ic cyl i nder used i s a heavy duty

cylinder and should provide millions o_ strokes without

failure. Because the system incorporates pilot operated

check valves, any loss in pump pressure will result in

the cylinder being locked into position, thus

eliminating the bed from falling if power is lost in the

upright pos:ition. The hydraulic ram is cushioned at

both ends. This slows the piston movement at the end of

the st.roke and prevents damage to the cylinder by having



!

it slam Inome.

'The foreseeable

limited.

at

real

OCCLlr

hazards of the door latches are

The latch was designed with a saTety factor of

]Least six. This high saFety factor will prevent any

danger to the user. The possible problems that can

with the latch assembly are in the solenoid. The

solenoid can either lock open or closed.

IT the solenoid does not operate, the door will not

open Tot the dumping procedure. "This will result in the

entire load being exerted upon one pin. This will cause

one of the pins to shear. Therefore if the operator

sees that the door is not opening he should immediately

hault the dumping process.

If the solenoid does not return to its original

position, the door will lock shut by the other latch.

This will result in all of the load being exerted upon

one latch. With the saTety Tactor that is inc:luded,

this will not cause failure o÷ the latch. However, the

door- may bend due to the absence oT support in one

cnrner. ThereTore the operator should visually inspect

the iatch assembly to insure that they have both

returned to their" original positions.

REMOTE CONTROL HAZARD

The hazards that are assocziated with the remote



control unit will occur when an electrical component

malfunctions. The mal_unction will resuIt in either the

hydraulic lift or the door latch solenoids not working.

"The results of either of these failures are discussed

previously in their respective hazard analysis.

A remote control unit that has failed will have to

be Tixed in a space station or other confined area.

Therefore, the remote control unit is designed for easy

removal. Four screws would be removed and the

electronics would be disconnected via quick disconnects.



OPERATINGINSTRUCTIONS

For" safe operation of the lunar dump trailer, the

following parameters should not be exceeded"

i. Maximum speed of 3_ l.::m/hr over smooth terrain.

2. Maximum speed of 15 km/hr over rough terrain.

3. Obstacles greater than i.;i.8meters tall

should net be driven over.

4. Obstacles greater than I,].6 meters tall

should not be tr-ansversed by the wheels.

The dump trailer will transverse a slope of 21.;1%

grade saTely. The trailer should not dump it_s load on

a transverse slope in e;.'cess oT iI._% grade due to the

dangers of tipping over. The trailer may be driven up

or down grades of 3L_%.

It is important not to overload the lunar dump

trailer over the top of the bucket. Doing so (:ould

result in a load in excess of the design load. This

could lead to damage being inflicted upon the vehicle.

To perform the dumping procedure, the operator will

use the remote control device. He will first trigger

the latches to open and then turn on the hydraulics to

raise the bed. The vehicle should be moved slowly

during this proc:ess in order to prevent the dirt from

piling up in the trailer. Once the load is deposited,

the user L_ill release the latches and then lower the bed

by turning of the hydrau.lics, lit the door' does not open

during the dump sequence, he should immediately stop



dumping and inspect the latches.



A1though the

safely -for several

regular

schedul e

certain

maintenance

provides

tasks to be performed.

MAI NTENANCE

lunar dump trailer should operate

years, certain parts will require

and inspection. The _ollowing

periodic ma:intenance periods for

(note" all time periods

given are in terms of earth days, not lunar days)

Week.12-

1. Remove lat(-h cover plate, inspect latch

assembly and remove accumulated dust

2. Visually inspect hydraulir_- ram and lines

for signs of leakage or" damage

Mczn_tb!_

i. Inspect hinge brackets and bucket hinge

brackets for wear oT teflon coating

2. Inspect remote control wiring for damage

or wear

3. Inspect suspension attachments points, spring,

and damper for wear or damage

4. Inspect quick disconnects for wear or damage

i. Inspect fr'ame and bucket visually _or

cracking or other signs of wear

2. Inspect hydraulic ram and control valve

Tor signs of wear and damage

3. Inspect remote control unit ÷or signs



oT heat damage or wear

4. F'ull wheels and replace bearings

_.DD&&..a],_.1_¥..

i. Check wheels, rear suspension, and hydraulic

ram mount for fatigue cracking

2. Replace remote control unit

3. Inspect internals o$ ram, hydraulic

control valve .for wear

4. Replace suspensior_ spring and dampeners

5. Visually inspect entire trailer for

cracking or other signs of wear

6. Replace latch assembly



The dump trailer

principles in mind.

was virtually no

CONCLUSION

was designed with several basic

The Tirst principle was that cost

object. ]he cost oT transporting the

trailer to the moon and the cost of a failure are high

in comparison to the cost o÷ building the lunar dump

trailer, therefore the building cost can be neglected.

When determining safety Tactors, both avoidance of

failure and weight savings were taken into account.

oT the lunar dump trai_ler does not pose a

since it is remote controlled. A

Operati on

threat to human liTe

failure would, however, be very expensive in downtime

and this expense must be balanced with the added expense

oT transporting and towing a heavier trailer.

A third principle was that the machine had to be

simple to operate by a man in a spacesuit in a dust

environment. This also includes maintenance. Small or

hard to get at Tasteners were avoided.
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SS3_208 LISK IG W! CO ZNC

G. W, LISK COMMERCIAL SO,,_ENOI,D-L_5

_2.343 -------,

PUSH "B"

÷-

lint. %
COIL rAgL

mm _tIT

1(60_)
wldts 100%

12.6 85%
2(90 ° )

watts 100%

3(180 °) 12.6 85%
watts 100%

,,3c oos6e o K.Ol.Of

1,250.. Diameter
.ISO .375

SIDE MOUNT "S"

END MOUNT "'E '° FOR BOTH PUSH and

PULL UNITS

Nobl: Mountin8 foot thickness is .125

v
AVERAGE SOLENOID FORCE IN POUNOS_NOMINAL STROKE IN INCHES --

mr _.r mr Jw w Ju" _ .llf'l.lW .it Jtsr Jir 3Tl'J.43"/" .500" AI_' .1M_'_;']IJW
go3 S7 _ 5.1 416 3.4 _5 i _8_13 i 6 4 3 2 _ _ '''

11 8 u 6.81s.8 4.5 3.1,z.411.81.4 .6 .6 .4 .3 .z

142 11.9 9.2 6.g 52 &4 2.1 1 .7 .8 .4 .2 .1 ._ I
15.5 12.6 10.2 8,1 63 4.4 2.7 1.4 1,2 .9 .6 .4 31 . .!

,, 1611o.6,, +1,.3 1.4.6., .1 111
31.5 17.6 12.4 8.9 S.7] 2.9 1.9 1 .8 .5 .3 .2 .2] I

f ]

i i
JJ__E_m_JZIT,._Z.I_

INK[ IIIIL I_ A_ IIOUDIOID FORCE IN POUNDS--NOMINAL STROKE IN INCHESfan co_
SllTIJ[ POW[II V0US f f _ IJliT .IW' .11r .liT" I JW" _ Jr Jn- 3it _r/i- iJor

240 85% 16.2 14 11.7 10.| 10.2] 0.8 9.2 8.2 6.8 5.2
1_,o'1

watts i00% 17 14.8 12.4 11.6 10.9 10.4 9.8 8.8 7.9 6.6 _i-..-

2,40 fl% 21.9 16.9 14.7 llJ 11.8 10,4 11.2 72 4,$ 2,52{1o0)
watts 100% 23 18 15.6 14 12.8 11.4 102 8.2 5.5 3,5

240 85% 96.6 243 18 13.2 10.3 8.6 7.4 5,6 33 2,1
3(180")

watts 100% 36.5 26.6 19,4 14.5 11.8 9.9 8.6 7 8,1 3.2
1_- I

,,,L PARTNUM_IS_INGSYSTEM ,,.

PULL - '*A" END - "[" hUNOER FACE (SIE PAGE S) [ ICAL
PUW'I ,,- "S" 10*, N' OR iN* CONNECTIONS

(S([ P_[ S)

_[,] IT:_H
1. FOR INTERMITTENT DUTY, COILII ARE AVAILABLE WITH LOWER

POWER CONSUMPTION, LONGER **ON" TIME WITH L[8| FORCE,

FOR INFORMATION CONTACT G, W. LISK IIALES DEPT,

2. FOR PLUNGER END CONFIGURATION gEE PAGE 6.

3. FOR ELECTRICAL CONNECTION gEE PAGE Q.

4. MAX, |TABILIZED COIL TEMP, AT AMBIENT OF 75"F 18 2:OOF,

_qet



o K.oe._

PULL
TYPE A

1(2

THREADED END

MALE CLEVIS

PULL
TYPE A

K3

PUSH
TYPE B

K4

otlrl

=S.32 _ MIN.

=8-32 312 MIlL

I _29 375 Mm.

SI_E I A l COLA. l EllA.

L.I2S .625 .437 .437 .125 124 129

L-lID .625 .437 ._5 .156 124 129

L.200 .755 .550 .755 .255 155 161

1-250 .875 .562 .937 .250 249 255

L.300 .g37 .625 1.255 .312 249 255

_____ JlZ[ A 8 • | OIA. | [ |IA. Y

L-125 .625 .437 .437 .12_ 124 129
L-162 .625 .437 .625 .156_ 124'129

L.200 .755 .550 .755 .255 155 '161

_ow.. L-255 .875 .552 .937 .255 249 255
I.-300 .937 .625 1.255 .312 249 255

FEMALE CLEVIS

I 1;.*. '* '' '1
• L.162 --To Suit .203 1

L-200 ToSuit 255 J

_ iE & REMOVABLE L.290 ToSuit .255 ] iL L-300 TOSuit .255
PUSH ROD PUS. RoB

|

.500

.550

.625

.755

.812

Qn

.500

.500

.625

.755

.812

ELECTRICALCONNECTION

12" LEAOWIRES 12" LEADWIRESTHRU
1 '2" PIPE LINE

Information end date has been checked for errors.

Pqe 6 We reserve right to mo,_;¢y date at eny time.
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PARTS LIST

The following

parts used in the

trailer.

is a comprehensive list of all the

construction oT the lunar dump

BED ASSEMBLY

1 cast aluminum trailer bed

_"_ meters aluminum T-beam (see speciTications._..I

2 machined aluminum brackets (see drawing)

2 hinc]e bolts (door') with nuts

1 cast aluminun bed door

2 pivot pins (68371)

1 clevis bracket (692_ZS8)

8 bolts (912__;_24-T4,5/8in dia, 2in length)

8 nuts (5/8in Hthreads, CNP-3)

LATCH ASSEMBLY

2 machined aluminum latches

2 sheet aluminum latch covers

_='_"latch solenoids (L-I..'_ BE6_.;JK3LI24I)

8 teflon coated washers

4 cover hinges

8 nuts (see speciTications)

2 saTety labels (see drawing)

REMOTE CONTROL ASSEMBLY

1 remote control assembly

1 remote control antenna

1 radio receiver (277-i_._12)

2 f,._s.75ohm, 771Z_ watt resistors

1 2.25 ohm, 256 watt resistor

1 13.4 ohm, 44 watt resistor

1 15_J ohm, _,-;_.5watt r'esistor

1 16 ohm, 36 watt resistor

1 1.2 ohm, 48_._ watt resistor

2 relays

....SCR _s



1 box
:S meters coavial antenna cable
15 meters wire
assorted attachment hardware

WHEEL ASSEMBLY

2 -Forged AL-95_156-0 trailer wheel
2 double roller tapered bearings
2 lug nuts
2 cotter pins

REAR SUSPENSIONASSEMBLY

3 meter stock steel,
2 hub assemblies
2 axle assemblies
6 attachment pins
6 retainer pins
2 springs
2 dampers
4 spring retainer brackets
8 pin brackets
8 bolts and nuts
2 machined steel plates

machi ned

FRAMEASSEMBLY

15 meter aluminum I-beam (see specifications)
74 bolts (i 1/4 - 8 thread 5 in) with matching

bolts
8 L-beam bolts
1 hitch

I I I _.JI'_"I_.JL,..I. _-, 0 | 0 I F---.I'I

I.D

1 hydraulic cylinder (4.f21_JCBB2H24CX28)

1 -Flow control valve (FSI2_.>)I?.I)

1 solenoid operated control valve (D3W4CJ)

1 subplate (SPD34)

1 pilot-operated check valve (CPOM3D)

1 mounting plate (69198)

1 eye brac-ket (6921iIL_i)

1 pivot pin (69215)

4 bolts (21/32 13 thread 4.5 in) with matching nuts

4. bolts (i 1/16 8 thread 5 in) with matching nuts

if_l meters hydraulic hose (Parker No-skive, .871._lin
lin O.D)



_,_.................dn, b!m mh ,_-nTf q,_:ir_: connect couples (6_ series)



ME 4182: WEEKLY REPORT

4 APRIL - 11 APRIL

This week was spent in the library looking "For

r-esources relative to the moon'_ s environment. Some

books were checked out and others noted. Not much else

was done since we were not exactly sure what we were

required to do with the resources. We did not know if

the sources were to be put on reserve or if information

was to be extacted and then put on reserve.



ME 4182: WEEKLYREPORT
11 APRIL - 18 APRIL

This week was also spent in the library looking .for
resources relative to the moon'_s environment. Of the
books found._ the information relative to the moons
environment was noted. A synopsis of each source was
compiled and recorded for the ME 4182 file.

We also came tip with a number of different methods
of designing the lunar dump truck. A general design of
a soft material carrier supported by metal or plastic
tubes was decided upon as our first approach. The
method considered of removing the material from the
truck was that of splitting the load space and allowing
gravity to remove the material. Gearing motorized from
the towing vehicle is our' present thought on the opening
and closing of the dump truck. This is all the
brainstorming that we accomplished with the information
that we presently have at our disposal.



ME 4182: WEEKLYREPORT
18 APRIL - 25 APRIL

This week was the final week spent in the library
looking for resources relative to the moon_s
environment. At tlne completion of the week, all of the
data compiled over the weeks was placed in the ME 4182
information sources book. We placed it in the wrong
place within the book but it was in the notebook.

Our group decided during the week to design a
square dump truck with four wheels. It will lift by
hydraulics in a manner similar to that of an earth dump
truck. The door will be controlled by an electronic
Iatch.



ME 4182: WEEKLYREPORT
25 APRIL - 2 MAY

At this time we divided the project into several
difTerent areas. Each respective area was assigned to a
person in the group. The areas that were subdivided
with their respective designer- are" bucket and door,
Soupiset; cover and report intra, Farkas; electronics
and remote control, Hicks; Trame, Johnson; wheels and
suspension, Bade; towing, Skinner. We decided that the
next few weeks would be spent designing our respective
areas with meetings to discuss each others designs.
Problems that arise and interaction oT designs would
also be discussed.



ME 4182: WEEKLYREPORT
2 MAY - 9 MAY

Each respective member worked on his area of the
lunar dump truck. The wheel design is beginning to look
like the most work. Therefore Skinner and Bade have
combined effort. They are trying to figure out have to
get a smootln ride along with proper steering. The other
subdivision of the project are not running into any real
difficulties at this time.



ME 4182: WEEKLYREPORT
9 MAY - 16 MAY

By this week, most of the major design decisions
had been made. A two wheel design is being used for
ease of steering and complexity. The latch is being
controlled by a solenoid. The hydraulic system is very
similar to that of an earth dump truck. The material
for the body and frame was chosen. The design of the
bucket was in the final stages. The frame had not been
looked at due to it interacting with the bucket and
suspension which were not completed.



ME 4182_ WEEKLYREPORT
16 MAY - 23 MAY

At this point in time, the bucket is virtually done
along with the dust cover. The wheel suspension system
is in its final stages along with the latch component.
Much diTficulty is arising in the location of a remote
control unit however. The hydraulic system has also
been decided upon and needs to be put together. At this
point the frame is ready to be designed. The entire
design process is in the near final stages and a report
write up is being considered.



ME 4182: WEEKLYREPORT
23 MAY - 3_ MAY

Surpr:Lse! A good description for this week. We
found out tuesday that the rough draft is due at the end
of this week. We did not think the report was due till
monday. Therefore its time to cram one whole week into
half of one. This results in the completion of the
project except for the Tinal draft to be compiled over
the weekend. Under the condition that the frame is
started and designed.
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